INTRODUCTION
Uncertainty was found in the phylogenetic relationship with taxonomic status of some genera of the family Microbacteriaceae, which led us to re-examine their taxonomic positions. This was probably because of the description of Microterricola viridarii JCM 15926 T , Phycicola gilvus DSM 18319 T and Leifsonia pindariensis JCM 15132 T published within a timespan of 5 months in the International Journal of Systematic and Evolutionary Microbiology by three independent research groups. Hence all three strains were not available to any of these three research groups for comparative studies.
The family Microbacteriaceae was proposed by Park et al. [1] and emended by Stackebrandt et al. [2] . Presently, the family comprises 41 genera (http://www.bacterio.net/microbacteriaceae.html). The monospecific genus Microterricola, with the type species Microterricola viridarii JCM 15926 T , was proposed by Matsumoto et al. [3] to accommodate Gram-positive, aerobic, motile, rod-shaped bacterium isolated from park soil in Tokyo, Japan. The monospecific genus Phycicola, with type species Phycicola gilvus DSM 18319 T , was proposed by Lee et al. [4] to describe Grampositive, aerobic, non-mycelium-forming actinomycete isolated from a living seaweed sample on the coast of Jeju, Republic of Korea. Another species of the genus Leifsonia, Leifsonia pindariensis JCM 15132 T , was proposed by Reddy et al. [5] to describe yellow-pigmented, Gram-positive, aerobic, motile, rod-shaped bacterium isolated from the Pindari glacier of the Indian Himalayas. Genus Leifsonia within the family Microbacteriaceae was established by Evtushenko et al. [6] and, at present, 16 species or subspecies with Leifsonia aquatica as the type species have been reported. Phylogenetic analysis indicated that members of the genus Leifsonia are polyphyletic [7] [8] [9] and have therefore frequently undergone reclassification. Leifsonia aurea CMS 81y T was combined with the genus Rhodoglobus [7] , Leifsonia ginsengi wged11
T was combined with a novel genus, Herbiconiux [8] , and Leifsonia kribbensis MSL-13 T was reclassified into genus Lysinimonas [9] of the family Microbacteriaceae on the basis of the polyphasic studies. anteiso-C 15 : 0 and anteiso-C 17 : 0 of the major cellular fatty acids. In the current study, we critically re-evaluated the taxonomic positions of Microterricola viridarii JCM 15132 T , Phycicola gilvus DSM 18319
T and Leifsonia pindariensis JCM 15132
T based on phylogenetic, physiological, chemotaxonomic, morphological and biochemical data. Polyphasic studies indicated that the three strains were so closely related that they could be classified in one genus, namely the genus Microterricola, because it has nomenclatural priority. Therefore, we propose the reclassification of Phycicola gilvus and Leifsonia pindariensis as Microterricola gilva comb. nov. and Microterricola pindariensis comb. nov., respectively.
For comparative studies on type strains, the respective species of the genera Leifsonia, Microterricola and Phycicola were procured from the German Collection of Microorganisms and Cell Cultures (DSMZ) Braunschweig, Germany and the Japan Collection of Microorganisms (JCM), RIKEN, Wako, Japan. Phenotypic data on all the selected strains were generated according to Smibert and Krieg [12] . In addition, all strains were grown aerobically on trypticase soy agar (TSA; BBL) at 22 C unless otherwise indicated.
For sequence comparison and phylogenetic analysis, 16S rRNA gene sequences of L. pindariensis JCM 15132 T , M. viridarii JCM 15926 T , P. gilvus DSM 18319 T and other type species from the family Microbacteriaceae were retrieved from the GenBank database. All 16S rRNA gene sequences were aligned using ClustalX, version 2.0.9 [13] and were manually edited using DAMBE5 [14] . Phylogenetic trees were constructed using Bayesian inference, neighbour-joining (NJ) and maximum likelihood (ML) methods for the 16S rRNA gene. For Bayesian inference of phylogeny, the program MrBayes 3.1.2 was used [15] . The analysis for each gene consisted of 3 000 000 generations with sampling every 100 generations. The first 12 000 trees (40 %) were discarded as 'burn-in.' Before the probabilistic phylogenetic analyses were carried out, appropriate models of sequence evolution for each data set were chosen via the Akaike information criterion (AIC) using the program MrModeltest version 2.2 [16] . The selected model of nucleotide substitution [6] , [3] , [4] and [5] , respectively. †Data generated during the present study. ‡Data generated during the present study except for L. aquatica.
was GTR+I+G for 16S rRNA gene sequences. Three independent runs were performed for each data set. In the phylogenetic trees, levels of confidence for each node are shown in the form of Bayesian posterior probabilities (BPPs). NJ and ML trees were constructed using MEGA6 [17] with 1000 bootstrap replicates and the GTR+I+G as a model of nucleotide substitution (Figs S1 and S2, available in the online Supplementary Material). The similarity matrix was constructed using the dnadist program in the phylip 3.69 package [18] A phylogenetic tree constructed by using several methods dividing all the selected sequences into two major clusters and showing that genus Leifsonia is polyphyletic (Fig. 1 (Fig. 1, Figs S1 and S2 ).
We have also analysed the phylogenetic trees published for L. pindariensis [5] , P. gilvus [4] and M. viridarii [3] . The phylogenetic tree presented for L. pindariensis JCM 15132 T [5] gives similar information but the trees constructed for P. gilvus DSM 18319 T and M. viridarii JCM 15926 T show the distance relatedness of both the organisms with Leifsonia sensu stricto clade. According to Peplies et al. [24] , for phylogenetic tree stability it is always better to increase the number of sequences during phylogenetic analysis [24] . In agreement with Peplies et al. [24] , the phylogenetic trees constructed by Lee et al. [4] and Matsumoto et al. [3] would not be phylogenetically stable, as they considered only a few representative sequences from each genus of the family Microbacteriaceae.
Matrix-assisted laser desorption/ionization-time-of-flight mass spectroscopy (MALDI-TOF/MS; Bruker Daltonics) data were generated as discussed by Prakash et al. [25] for nine strains (see Fig. S3 ). In brief, all the selected strains were cultivated on CSA (Cronobacter screening agar, HiMedia, India) [26] for 48-72 h at 22 C. After growth, proteins were extracted as described in the user manual of Bruker (Fig. S3) . Clustering based on MALDI-TOF/MS spectra substantiated 16S rRNA sequence data and indicated that P. gilvus DSM 18319 T , L. pindariensis JCM 15132
T and M. viridarii JCM 15926 T are closely related to each other.
Fatty acid methyl ester (FAME) analysis of all three strains was carried out along with other members of the genus Leifsonia in order to find out whether they belong to the genus Leifsonia. For FAME analysis, all the strains were grown and harvested simultaneously on TSA plates at 22 C so as to maintain the similar growth conditions for all the strains. Fatty acids were extracted and analysed as discussed in Sasser et al. [27] . The cellular fatty acid composition of all isolates was determined by running the same sample in triplicate. Cyclohexyl-C 17 : 0 was identified by gas chromatography-mass spectrometry, which was misidentified as C 18 : 1 !7c by the MIDI system on the basis of its retention time [28] . Comparative views of the fatty acid profiles of L. aquatica DSM 20146 T (type species of the genus Leifsonia), L. pindariensis JCM 15132 T , P. gilvus DSM 18319 T and M. viridarii JCM 15926 T are presented in Table 1 . The fatty acid profiles of L. pindariensis JCM 15132 T , P. gilvus DSM 18319 T and M. viridarii JCM 15926 T were quantitatively different from L. aquatica, especially in the case of specific fatty acids such as anteiso-C 15 : 0 , anteiso-C 17 : 0 and iso-C 16 : 0 . The amount of anteiso-C 15 : 0 is quantitatively higher in all three strains, whereas the amounts of the other two fatty acids (anteiso-C 17 : 0 and iso-C 16 : 0 ) were higher in L. aquatica. Thus, we can conclude that the quantitative FAME profiles of L. pindariensis and P. gilvus were more similar to M. viridarii than L. aquatica, which indicates that L. pindariensis and P. gilvus are more closely related to M. viridarii than L. aquatica.
For polar lipid analysis, all three strains were harvested at logarithmic phase and the pellet was freeze-dried. Extraction, 2D thin-layer chromatography and development were carried out under the same conditions, as described by Minnikin et al. [29] . All three strains, M. viridarii JCM 15926 T , L. pindariensis JCM 15132 T and P. gilvus DSM 18319 T , have diphosphatidylglycerol (DPG), phosphatidylglycerol (PG) and phosphatidylcholine (PC) as their major polar lipids and an unknown lipid (UL) (Fig. S4) . The similar polar lipid profiles for all three strains supports the classification of all three strains under the genus Microterricola.
Comparisons of phenotypic and chemotaxonomic traits are presented in Table 2 . All the strains included in Table 2 showed almost similar morphological, physiological and chemotaxonomic traits with a few exceptions, such as the major menaquinones and citrate test indicating that all are members of the same genus. Oxidation of 71 carbon sources and 23 growth susceptibility tests were examined by using Biolog GEN III microplates (Biolog, Hayward, CA) according to the manufacturer's instructions. The Biolog GEN III test showed sufficient delineation in the pattern of carbohydrate utilization and sensitivity for salt, pH and antibiotic (Table 3 ). This suggests that even though they are closely related with each other, there is still enough discrimination to demarcate them as different species.
For DNA-DNA hybridization (DDH) experiments, genomic DNA was extracted and purified according to the method of Marmur [30] with additional RNAse treatment. DDH was carried out and percentage binding was calculated as described by De Ley et al. [31] , with the modifications given by Huss et al. [32] , using a Cary 300 UV-Vis (Agilent) fitted with a Peltier-thermostatted 6Â6 multicell changer and a temperature controller with an in situ temperature probe. The analysis was done in triplicate with DNA in 2Â SSC and 10 % formamide. The reassociation temperature was set to 75 C (based on the Tm). The DNA G+C content (mol %) was estimated according to Gonzalez T . Thus, the DDH data generated during this study exhibited moderately lower values than the threshold recommended by Wayne et al. [34] for bacterial species delineation. Therefore, by considering DNA-DNA relatedness, which is a gold standard to delineate the taxa at species level where 16S rRNA gene cannot resolve it, it is strongly indicated that all three strains, M. viridarii JCM 15926 T , P. gilvus DSM 18319 T and L. pindariensis JCM 15132
T , are to be classified into three different species of the same genus.
Taxonomic proposals for M. viridarii, P. gilvus and L. pindariensis were published within 5 months of each other in the International Journal of Systematic and Evolutionary Microbiology. 16S rRNA gene sequence comparison and phylogenetic analysis indicated that all three strains have high sequence similarity (99.0 %) and cluster together in the phylogenetic tree. But due to the close period of publication by the three different research groups, sequences and cultures were not available for comparison. Consequently, they received separate taxonomic affiliations. Examples of similar misclassification of the same group of bacteria under different taxa and unification of multiple genera under single genus has occurred before [35] .
